Abstract: In this study, the performance of an aerobic sequencing batch reactor (SBR) removing carbon and nutrient (N & P) from Faraman's industrial wastewater (FIW) was investigated. This study was performed by varying two significant independent variables viz. aeration time and biomass concentration. The experiments were conducted based on a central composite design (CCD) and analyzed using response surface methodology (RSM). The region of exploration for the process was taken as the area enclosed by aeration time (6-24 h) and mixed liquor volatile suspended solid (MLVSS) concentration (2000-7000 mg/l) boundaries. Seven dependent parameters as the process responses were measured and calculated. Direct and interactive effects of the variables on the responses were described by the models given by RSM. The results showed that the maximum total COD (TCOD) removal of 73.89% was obtained at the highest value of the factors (24 h and 7000 mg/l). The maximum values of total nitrogen (TN) removal efficiency were found to be 36.39%. The low TN removal directed the study to the reduction of oxygen level from 7 to 3 mg/l. The DO reduction with the extended aeration mode resulted in an increase in TN removal while decreased the TCOD, non-biodegradable COD (nbCOD) and BOD removal efficiencies. The oxygen concentration had diminutive effect on phosphorus removal.
INTRODUCTION
bed bioreactor (UASB), continuous stirred-tank reactor
The concept of wastewater has become more specific reactor coupled with activated sludge and rotating and diverse with advances in industrial development and biological contactors (RBC) [2] [3] [4] [5] [6] . Isik (2004) [7] studied intensification of urban population. The composition of the treatment of cotton textile mill in an UASB coupled industrial effluents is characterized by the high structural with a completely mixed activated sludge system and a diversity of constituents and their high concentration range of COD removal between 40-85% at HRT of 120 h levels. Another problem associated with industrial was reported. Isik et al. [8] also examined the performance wastewaters is their non-biodegradable chemical oxygen of wool acid dying wastewater in the same treatment demand (nbCOD) and nutrients content which are not system and a COD removal between 51-84% at HRT of typically considered in conventional treatment processes 17 h was obtained. In another study, treatment of pulp design [1] . and paper industry wastewater was studied and a COD Up to the date, various bioreactors have been removal about 85% was obtained at HRT of 12 h [9] . This examined treating industrial wastewaters including aerobic proves that the wastewater characteristic has a crucial and anaerobic systems such as up-flow anaerobic sludge impact on the reactor performance. As industrial zone (CSTR), sequencing batch reactor (SBR), packed column effluents are generated from different industries, the BOD removal, nbCOD removal, total nitrogen (TN) treatment of wastewater is somewhat complicated.
removal, total phosphorus (TP) removal, sludge volume However, limited studies are found on the treatment of the index (SVI), settling velocity and effluent turbidity) as a mixed effluents from an industrial estate. This study is function of two independent variables, aeration time and therefore dealt with the treatment of an industrial zone mixed liquor volatile suspended solid (MLVSS) content of effluent.
reactor. The applicable improving solution was also The excessive accumulation of nutrient (N, P )
proposed and examined. discharge to surface water can pose serious ecological problems that affect the health of aquatic life and MATERIAL AND METHODS consequently that of human and animals [10] . On the other hand, the industrial wastewaters are characterized Faraman's Industrial Estate Wastewater (FIW): W was with a high variation in the stream (max/min>4). In this collected from a working wastewater treatment plant in regard, equalization unit is required in the most industrial Faraman Industrial Estate, Kermanshah, Iran. The samples wastewater treatment plants [11, 12] .
were stored in a cold room at 4°C. This storage technique SBR, the so-called fill and draw reactor, separates had no observable effect on its composition. The FIW operating conditions timely in a single reactor. In the SBR, characteristics are shown in Table 1 . clarifiers and flow equalization tanks are unnecessary and thus, costs of facilities and operation management are OD:N:P ratio of the FIW was almost 100:15:2. much lower than those of continuous flow activated sludge systems. Moreover, the SBR has benefits in that Bioreactor Configuration and Operation: The it is easy to change operating conditions, such as cycle schematic diagram of SBR system is shown in Fig. 1 . This times and flow rates [13] . Therefore, the SBR is regarded system was designed in the form of column for a working as an effective system, especially for small wastewater volume of 2 L with internal diameter of 8.5 cm and total treatment plants.
height of 36 cm. Air was supplied into the reactor by SBR has been also successfully used in treating blower and a fine air bubble diffuser from the bottom of wastewaters with excessive amounts of nitrogen and the column. The dissolved oxygen (DO) concentration phosphorus. In the SBR process, nutrients removal could was maintained at about 7 mg/l. The industrial wastewater be accomplished by three methods: (1) biological introduced at the top of reactor. The operational strategy phosphorous removal and nitrate denitrification b y applied to the SBR is described as follows: filling (10 min), providing anoxic and anaerobic periods, (2) cyclic aeration mixing with no aeration in order to develop anaerobic (on/off) during the reaction period and (3) operating at condition (40 min), aeration time (depended on the low DO concentration to encourage simultaneous experimental conditions as it was a variable), settling nitrification-denitrification (SND) [14] (40 min) and drawing (10 min). In each cycle, about Response surface methodology (RSM) has a n 1.5 L of the supernatant was removed and the same important application in the process design and volume of the fresh wastewater was fed. Anaerobic optimization as well as the improvement of existing design condition was continuously checked by monitoring [15] . This methodology is more practical than other DO, so that, the level of DO was remained about zero method of approaches arises from experimental after 20 min (about 40 min under anaerobic condition). methodology which includes interactive effects among the variables and, eventually, it depicts the overall effects of the parameters on the process [16] . In the last few years, RSM has been applied to optimize and evaluate interactive effects of independent factors in numerous chemical and biochemical processes [17] [18] [19] .
This study aimed to evaluate the performance of aerobic SBR treating Faraman's industrial estate wastewater (FIW), Kermanshah-Iran. In this paper, in addition to process analysis, a general factorial design TP (mg/l) [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] was employed to describe and model variation trends of eight significant responses (total COD (TCOD) removal, obtained are shown in Table 4 .
Experimental Design and Mathematical Model:
determine the coefficients of the polynomial model (Eq. 1) Statistical design of experiments and data analysis was as proposed by Khuri and Cornell [20] . carried out by Design Expert Software (version 7.0). Two independent effective variables, aeration time and MLVSS
(1) concentration, were selected in the experiment design. The range and levels of the variables in coded and actual where, i and j are the linear and quadratic coefficients, units are given in Table 3 . The two operating variables respectively and ß is the regression coefficient. P value were considered at five levels. In the basis of the factorial with 95% confidence level was considered to evaluate the design, 13 experiments (including 4 factorial points, 4 axial effectiveness of the model terms.
The experimental data obtained were used t o Table 2 : Experimental range and levels of the independent variables
Range and levels
Aeration time, h 6 11 15 19 24 MLVSS, mg/l 2000 3400 4500 5600 7000 Table 3 : Experimental conditions and results
Variables
Responses Process Performance MLVSS, SVI and settling velocity were determined by TCOD Removal: In order to investigate the effects of the using standard methods (APHA, 1999) [21] . For COD, a studied variables on the TCOD removal efficiency, colorimetric method with closed reflux method was dependency of this response to the variables was developed. Spectrophotometer (DR 5000, Hach, Jenway, analyzed and modeled. A reduced quadratic model was USA) at 600 nm was used to measure the absorbance of determined to describe the variation of the TCOD removal COD samples. TKN was determined by TKN meter as a result of changes in the aeration time and MLVSS Gerhardt model (Vapodest 10, Germany). D O content. The ANOVA values for TCOD removal efficiency concentration in wastewater was determined using a DO are shown in Table 4 . As presented in the Table 3 . From the Fig. as the microorganisms are increase in the MLVSS content in the studied range. The directly subjected to the substrate, the biodegradable maximum obtained value of the response was 73.89% at fractions of COD are preferred to be consumed [27] . the highest values of the factors (7000 mg/l and 24 h), MLVSS concentration showed a positive effect o n indicating a favored condition at a lower food t o nbCOD removal, resulted from a reduction in F/M ratio microorganisms (F/M) ratio provided by higher values of [28] . As can be seen in the figure, an increase in aeration the variables.
time caused an increase in nbCOD removal efficiency.
BOD and nbCOD Removal:
The major problem associated with the biological treatment of industrial wastewater is non-biodegradable fraction of COD (nbCOD) which inhibits the treatment performance of the bioreactors. In order to investigate the bioreactor performance for removing nbCOD, the nbCOD and BOD concentrations at influent and effluent were monitored throughout the experiments. BOD/COD ratio constitutes a good measure of the biodegradability of a wastewater; contaminants with a ratio of BOD /COD =0.4 are generally 5 accepted as biodegradable [22] . From a review, the BOD/COD ratio for industrial estate wastewaters is varied from 0.17 to 0.74 [23] . This ratio for FIW was in the range of 0.31-0.5. With regard to the relatively low BOD/COD ratio, determination of BOD rate constant is o f importance. In order to assess the rate of BOD determined using Thomas graphical method [24] . The linear model based on Thomas graphical method is shown in Fig. 3 . The values of BOD rate constant and ultimate BOD were 0.12 day and 388 mg/l, respectively.
-1 Table 5 represents the biodegradability of BOD contents of various wastewaters [25, 26] . It was found that the biodegradation rate of the FIW's BOD (by comparing BOD rate constant, k) was slower than those obtained for the others, implying longer time required for BOD removal. It must be noted that the low BOD/COD ratio, particularly at the low BOD concentrations, strongly Also, a slight decrease in BOD removal was observed at accumulating bacteria (PAOs) in the form of poly-p. high nbCOD removal (no. 6) which is attributed to the less Phosphorus removal was determined as a response BOD consumption rate compared to the nbCOD to bCOD in this study. A modified quadratic model described the conversion rate [29] .
response variations as a function of the variables.
Nitrogen Removal: Nitrogen in wastewater can b e effects of A and second-order of B were significant removed in the form of ammonium through aerobic, model terms. autotrophic nitrification followed by anoxic, heterotrophic Fig. 6 demonstrates the response versus the variables denitrification. The ANOVA results for TN removal studied. As can be seen in Fig. 6 , an increase in the efficiency are presented in Table 4 . A reduced quadratic MLVSS resulted in a decrease in TP removal. It seems that model describes the variation of the TN removal in the the low BOD loading caused a decrease in TP removal studied system. As presented in the Table, the significant [31] . In this system, an increasing effect of aeration time model terms were determined to be A, B, B and AB.
(from 6 to 15 h) on TP removal efficiency was observed 2 Fig. 5 shows the interactive effects of the variables which was due to an increase in phosphorus uptake at a on the response. As can be seen in the Fig. the maximum longer aeration time [32] . It must be noted that at aeration value of TN removal efficiency was found to be 36.39%.
times longer than 15 h, the trend was inversed which was It must be noted that about 30-35% of the TN removed attributed to the phosphate accumulating organisms was related to the cell growth. As can be seen in the Fig. (PAOs) deactivation originated from inadequate poly simultaneous increase in the factors caused an increase in hydroxy butyrate (PHB). the response, emphasizing that in addition of MLVSS concentration, aeration time had a remarkable impact on the response. There is an established matter about inverse relationship between MLVSS and D O concentrations, which was also confirmed in this work [30] . It should be highlighted that the DO level of the system at the late hours was more, compared to the conditions with higher organic loads (with a difference about 2-3 mg/l).
Phosphorus Removal: Phosphorus can be removed anaerobic and aerobic steps by polyphosphate
From the ANOVA results presented in Table 4 , the main The maximum values of TP removal efficiency were found to be 73.04 %. The relatively high efficiency obtained for TP removal could be attributed to the low initial phosphorus concentration (about 20 mg/l).
Effluent Turbidity: Turbidity, as a process control parameter, indicates the system performance as well as sludge characteristics. From the modified quadratic model describing the response variations presented in Table 4 , the MLVSS concentration was found to be the most significant variable. The effects of the variables on the response are shown in Fig. 7 . As noted in the Fig. aeration time had no significant impact on the response. Fig. 7 depicts a decrease in the response as a result of an increase in MLVSS concentration implying the ascendancy of sweeping mechanism at higher levels of Fig. 9 : Response surface plot for settling velocity MLVSS in the form of floc [11] . The findings were approved by the results reported in the literature [33] .
The rate of settling in the hindered settling region is a Sludge Volume Index (SVI): From the ANOVA results for characteristics. From the model shown in Table 5 , the SVI presented in Table 4 , A is the only significant term second-order effect of A is significant model term, with the first and second-order effects. Fig. 8 represents indicating that the aeration time in the studied range had the variations of SVI as a function of the variables in the no impact. Fig. 9 demonstrates the simultaneous effects of systems. The results showed that SVI increased b y the variables on response. The trend represented in the increasing MLVSS concentration from 2000 to 5000 mg/l, Fig, conforms to the typical relationship between indicating the decreasing impact of high biomass gravitational solid flux and suspended solids concentration on the flocs compactness caused by low concentration [11] . F/M ratio [30] .
Settling Velocity: As the studied system contains a high
In order to improve the process performance, removing concentration of suspended solids, both the hindered or nutrients as well as minimizing the energy consumption, zone settling and compression settling usually occur in two s olutions were derived from this study. One; addition to the discrete (free) and flocculent settling.
operating the system with a lower DO level by reducing function of the concentration of solids and their Improving Strategies for the Process Performance: and Scientific Higher Education (Mojtama-e-gharb), concentration [34] .
Kermanshah which has resulted in this paper. The In the second step, the intermittent aeration applied authors also wish to thank Mrs. S. Kiani for her assistance (40 min/h) led to a decrease in TCOD, nbCOD, TP removal (Technical Assistant of Water and Wastewater and SVI and an increase in BOD, effluent turbidity and TN Laboratory). removal. In conclusion, by optimizing the operation conditions (cycle time, aeration time) under intermittent REFERENCE aeration, the process performance of the SBR removing CNP from the FIW can be improved. Unknown bis-ethyl-iso-octanol isolation and 889: 245-252.
